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Motivation

• Specular surfaces challenging for typical 

stereo algorithms in robotics

• SGBM on a water puddle:
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For depth perception in specular scenes
Related Work 

• Trinocular and Multicamera Setups [1]

– Neglect superposition effects

• Time-of flight cameras [2]

– Limited by range, material, angle of incidence

• Optical Flow [3]

– Assumptions on Light and surface shape

• Polarization-based [4,5,6]

– Confined to lab environment

– Light source known
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Polarization behavior changes at specular surfaces
Light-Surface Interaction
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Polarization behavior changes at specular surfaces
Light-Surface Interaction

Left view, Polarizer at 0 degrees Left view, Polarizer at 90 degrees
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Polarization behavior changes at specular surfaces
Light-Surface Interaction

Left view, Polarizer at 0 degrees Left view, Polarizer at 90 degrees
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Modus operandi

Our Goal: Incorporate polarization into stereo vision

1) Provide synthetic data to have ground truth

2) Develop and test algorithm on synthetic data

3) Capture real-world images with polarizer

4) Test algorithm on real-world images
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Image Synthesis

1) Model Scene (e.g. with Blender toolkit) 2) Assign material behaviors to surfaces

3) Simulate polarized light transport.

Store Jones Vectors for each pixel.

Further, compute stereo images

Store disparity values for each pixel. 

4) Display, 

virtual linear polarizer
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Capture 4 images per scene per camera
Capturing Setup
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Capture 4 images per scene per camera
Capturing Setup
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Linear polarizer

(arbitrary rotation)

Linear polarizer

(arbitrary rotation)

PointGrey Bumblebee 2
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Capture 4 images per scene per camera
Capturing Setup
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Capture 4 images per scene per camera
Capturing Setup
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Capture 4 images per scene per camera
Capturing Setup
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Capture 4 images per scene per camera
Capturing Setup
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Graph Cut Approach

• Constrain surface normals by polarization

– Per pixel Angle of Polarization 

AOP = ½ arctan(S2/S1)

with

S2=I135-I45
S1=I90-I0 

AOP denotes rotation of the 
plane of incidence around the 
viewing direction.

This constrains the surface 
normal to lie in that plane.
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Graph Cut Approach

• Constrain surface normals by Polarization

– Per pixel Angle of Polarization 

• Surface smoothness

• Photo-consistency 

• Borrow from Woodford et al. [7]
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Graph Cut Approach

• Add surface normal constraint to [7], arrive at
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All Scenes (Showing Absolute Difference to Ground Truth)
Results
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All Scenes (Showing Absolute Difference to Ground Truth)
Results
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All Scenes (Showing Absolute Difference to Ground Truth)
Results
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Recapitulation

• Specular surfaces and their challenge to stereo vision

• Polarization behavior of reflected light
– Angle of Polarization

• Simulation of ground truth with Jones calculus

• Real world scenes
– Multiple images with rotated Linear Polarizers 

• Surface normal constraint
– Applied as ternary term in a graph cut approach

• Improvement over current algorithms in
– Simulated Scenes

– Real World Imagery
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Fin.

Thank you for your attention.
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Motivation

• Specular surfaces challenging for typical 

stereo algorithms in robotics

• SGBM on a water puddle:
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Polarization behavior changes at specular surfaces
Light-Surface Interaction
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Capture 4 images per scene per camera
Capturing Setup
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Graph Cut Approach

• Add surface normal constraint to [7], arrive at
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All Scenes (Showing Absolute Difference to Ground Truth)
Results
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All Scenes (Showing Absolute Difference to Ground Truth)
Results
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Fin.

Thank you for your attention.


